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DELAWARE RIVER MAIN CHANNEL DEEPENING PROJECT

ESSENTIAL FISH HABITAT EVALUATION

DESCRIPTION OF THE PROPOSED ACTION.

DEEPENING PROJECT AUTHORIZATION

The Delaware River Main Stem and Channel Deepening Project, Pennsylvania, New Jersey, and Delaware, was authorized by Public Law 102-580, Section 101(6) of the Water Resources Development Act of 1992. The Bi-State Delaware River Port Authority is the non-Federal sponsor for this project. 

DEEPENING PROJECT

DESCRIPTION. The project as shown on FIGURE 1 provides for modifying the existing Delaware River Federal Navigation channel (Philadelphia to Sea Project) from 40 to 45 feet at Mean Low Water) with an allowable dredging overdepth of one foot, following the existing channel alignment from Delaware Bay to Philadelphia Harbor, Pennsylvania and Beckett Street Terminal, Camden, New Jersey.  The channel side slopes are 3 horizontal to 1 vertical. The project also includes deepening of an existing Federal access channel at a 45-foot depth to Beckett Street Terminal, Camden, New Jersey.

The channel width (same as the existing 40-foot project) is 400 feet in Philadelphia Harbor (length of 2.5 miles); 800 feet from the Philadelphia Navy Yard to Bombay Hook (length of 55.7 miles); and 1,000 feet from Bombay Hook to the mouth of Delaware Bay (length of 44.3 miles).  Typical cross-sections of these channel widths are shown on FIGURES 2 and 3.  The project includes 12 bend widenings at various ranges as listed below as well as provision of a two space anchorage to a depth of 45 feet at Marcus Hook, Pennsylvania. The existing turning basin adjacent to the former Philadelphia Naval Shipyard will not be deepened as part of the 45 foot project. Also, included as part of the Federal project is the relocation and addition of buoys at the 12 modified channel bends. Plan views of the proposed channel bends and Marcus Hook Anchorage area are displayed on FIGURES 4-10. 

CHANNEL BEND MODIFICATIONS.  The following channel bends will be modified:
1. MIAH MAULL-CROSS LEDGE: 200-foot width increase at the apex of the West Side of the bend over a distance of 4000 feet both north of and south of the apex. (BW1 - channel station 405 + 043); 
2. LISTON-BAKER: Maximum width increase on the east edge of 250 feet, over a distance of 4,500 feet south of the apex, and extending 3,900 feet north from the apex (BW2 - channel station 275 + 057); 

3. BAKER-REEDY ISLAND: 100-foot width increase at the west edge apex of the bend over a distance of 3500 feet both north of and south of the apex (BW3 - channel station 265 + 035); 

4. REEDY ISLAND-NEW CASTLE: Maximum widening of 400 feet at the west apex of the bend, tapering to zero over a distance of 3,200 feet south of the apex and to zero over a distance of 4,000 feet north of the apex (BW4 - channel station 238 + 982); 

5. NEW CASTLE-BULKHEAD BAR AND BULKHEAD BAR-DEEPWATER:  The west edge of Bulkhead Bar range is extended by 300 feet to the south and 300 feet to the north; the widening tapers to zero at a distance of approximately 3,000 feet south of the south end of Bulkhead Bar and 3,000 feet north of the north end of Bulkhead bar (BW5 - channel station 212 + 592 and 209 + 201);

6. DEEPWATER-CHERRY ISLAND: A maximum channel widening of 375 feet is required at the western apex of the bend.  The widening tapers to zero at a distance of about 2,000 feet both north and south of the apex (BW6 - channel station 186 + 331);

7. BELLEVUE-MARCUS HOOK:  The east apex of the bend requires a 150 foot widening over existing conditions, along a total length of approximately 4,000 feet (BW7 - channel station 141 + 459);

8. CHESTER-EDDYSTONE: The southwest apex of the bend requires a maximum 225 foot widening, with a transition to zero at the northeast end of Eddystone range, over a linear distance of approximately 6,000 feet (BW8 - channel station 104 + 545);

9. EDDYSTONE-TINICUM: The northeast apex of this bend requires a 200 foot widening, with a transition to zero at a distance of about 1,200 feet northeast and southwest of the bend apex (BW9 - channel station 97 + 983);

10. TINICUM-BILLINGSPORT: The North Channel edge of Billingsport was widened by 200 feet. At the northern apex of the Tinicum-Billingsport bend, this results in a maximum widening of approximately 400 feet, with a transition to zero at a distance of about 2,000 feet west of the apex (BW10 - channel station 79 + 567 );

11. BILLINGSPORT-MIFFLIN: The south apex of the bend was widened a maximum of 200 feet to the south, and transitioned to zero at a distance of approximately 3,000 feet northeast of the apex (BW11 - channel station 72 + 574); 

12. EAGLE POINT-HORSESHOE BEND: The northwest edge of Horseshoe Bend required a maximum widening of 490 feet to the north. The widening transitions to zero at a distance of approximately 4,000 lineal feet west of the west end of Horseshoe Bend, and at a distance of 1,500 lineal feet north of the north end of the bend (BW12 - channel station 44 + 820 to 41 + 217).  

INITIAL CHANNEL DREDGING.  For the initial deepening, material would be dredged and placed by hydraulic and hopper dredges in confined upland disposal facilities in the Delaware River portion of the project area and for beneficial uses in Delaware Bay.  In addition, 70,000 cubic yards of rock would be removed in the vicinity of Marcus Hook, Pennsylvania (See FIGURE 11). The initial dredging quantities are distributed among the project reaches as follows:

Reach AA        1,430,000 cubic yards

Reach A           3,316,000 cubic yards

Reach B           8,624,000 cubic yards

Reach C           4,465,000 cubic yards*

Reach D           5,789,000 cubic yards 

Reach E           9,264,000 cubic yards**

*  Based on recent year surveys quantity decreased to 2,865,000 cubic yards

**Based on recent surveys quantity decreased to 7,323,000 cubic yards

Dredging equipment is described in Sections 3.1.2.3 and 10.4.2.1 of the Corps’ Supplemental Environmental Impact Statement (SEIS) dated July 1997. The channel dredging project will use hydraulic hopper and pipeline dredges. See Section 3.0 of the SEIS (July 1997). Since the preparation of the July 1997 SEIS some of the Kelly Island Wetland Restoration project features have been refined and the sand stockpile placement sites (Broadkill, Delaware and Slaughter, Delaware) have been replaced with direct placement of sand to State of Delaware beaches.

ROCK BLASTING. Approximately 70,000 cubic yards of bedrock from the Delaware River near Marcus Hook, Pennsylvania would be removed to deepen the navigation channel to a depth of 47-ft mean low water. Approximately 70,000 cubic yards, covering 18 acres, will be removed by blasting.  The areas of blasting are shown on FIGURE 11, and a typical cross section is shown in FIGURE 12.  In order to remove the rock by blasting, holes drilled into the rock are packed with explosive to direct the force of the blast into the rock.  The depth and placement of the holes and the size of the charges control the amount of rock that is broken.  This would be conducted by repeatedly drilling, blasting, and excavating relatively small areas until the required amount and area of bedrock is removed.  An alternate to the drilling and blasting technique is the use of shaped charges, which are placed on the bottom and accomplish the same thing as drilling and blasting in a lesser amount of time.  The method chosen will meet all appropriate environmental parameters.  A biological assessment was submitted to the NMFS in May 2000 and a biological opinion was issued on 2 February 2001, completing the formal consultation process under Section 7 of the Endangered Species Act of 1973.

MAINTENANCE DREDGING.  The required maintenance dredging of the 45-foot channel will increase to 6,007,000 cubic yards per year (cy/yr) from the current 4,888,000 cy/yr for the 40-foot channel for a net increase of 1,119,000 cy/yr.  The locations of the areas that will dredged for maintenance are shown in attached color drawings of existing depths.  Areas more shallow than 45 feet will be dredged.

DISPOSAL PLAN. 

1. DELAWARE RIVER. The initial dredged material from the river portion of the project (Reaches AA-D) will be disposed at nine existing Federal upland confined disposal facilities (National Park, New Jersey, Oldmans, New Jersey, Pedricktown North, New Jersey Pedricktown South, New Jersey, Penns Neck, New Jersey, Killcohook, New Jersey/Delaware with Areas 2 and 3 located in Delaware and Artificial Island, New Jersey/Delaware with Area 1 located in Delaware), and Reedy Point North and Reedy Point South, Delaware; and to three new confined upland sites identified as Raccoon Island, 15D and 15G.  Refer to FIGURE 1.  Site 17 G that is referred to in the SEIS, is no longer being considered.  The dredged material consists of silt, clay, sand, and gravel.  The three new upland sites will be acquired by the project sponsor, the Delaware River Port Authority. Reedy Point North and South confined upland disposal facilities will only be used for disposal of dredged material from initial dredging. The maintenance quantities will be placed at seven existing Federal confined upland disposal facilities (National Park, Oldmans, Pedricktown North, Pedricktown South, Penns Neck, Killcohook, and Artificial Island) and at the three new confined upland disposal facilities, to be acquired by the project sponsor, Delaware River Port Authority. 

The three new proposed upland disposal sites are described in detail in Sections 3.2 and 6.0 of the SEIS.  They are all former dredged material disposal areas.  The areas that were delineated as wetlands are displayed in Table 6-2 of the SEIS.  Since Site 17 G is no longer being considered, the wetlands that would be impacted consist of 332 acres of primarily Phragmites dominated or farmed palustrine wetlands and 30 acres of forested/shrub-scrub wetlands.  A plan to manage portions of the new disposal areas as wetlands was developed by the District in coordination with the U S Fish and Wildlife Service and the New Jersey Department of Environmental Protection.  This plan that is described in Section 6.4 to 6.6 of the SEIS will result in a net gain of higher quality wetlands than currently exist in the areas.  

2. DELAWARE BAY. The initial dredged material from Delaware Bay (Reach E), comprised primarily of sand, will be used for wetland restoration areas at Egg Island Point, New Jersey and Kelly Island, Delaware and for beach nourishment and environmental restoration within the State of Delaware. Refer to FIGURE 1.  Both the wetland restorations and beach placement will help control the severe erosion that is occurring at many areas along the Delaware Bay shoreline in the State of Delaware.

CONSTRUCTION. Construction involves four elements: the preparation of confined upland disposal facilities to receive dredged material, dredging of the channel, construction of two wetland restoration sites, and beach sand placement. 

Reaches AA, A, B, and C will be dredged by hydraulic dredge and pumped into confined upland disposal areas as designated for the project.  See FIGURE 1 for locations of confined upland disposal areas.  Rock will be removed using one of the aforementioned techniques; blasted material will be removed from the channel using a bucket dredge.  Material will be transported by barges to Fort Mifflin, Pennsylvania where it will be disposed at the existing Federally-owned confined upland disposal facility.  Dredged material from Reaches AA and A will be disposed in National Park and Raccoon Island. Reach B materials will be disposed at Raccoon Island, 15D, 15G, Pedricktown North and South, and Oldmans. Reach C materials will be disposed at Killcohook and Penns Neck with some of the initial quantity from Reach C slated for Reedy Point North disposal area. Due to the long pumping distances, Reach D will be dredged by hopper dredges assisted by mooring barges pumping into the confined upland sites at Artificial Island and Reedy Point South.  In Reach E, hopper dredges assisted by mooring barges with booster pumps will be used to pump excavated material to two wetland restoration sites (Kelly Island, Delaware and Egg Island Point, New Jersey) and beaches within the State of Delaware.

All operation and maintenance dredged quantities would be placed into the three proposed confined upland areas in addition to the existing Federal sites which include National Park, Pedricktown North and South, Oldmans, Penns Neck, Killcohook Areas 1, 2, and 3, and Artificial Island Areas 1, 2, and 3. Maintenance material from Reach E will be disposed at an existing approved subaqueous site (Buoy 10), located in New Jersey. 

Initial construction is anticipated to begin in the summer/fall 2001, and is scheduled to be completed in a period of 4 to 6 years, subject to appropriation of Federal funding by Congress.  Work has been subdivided into various construction contracts. The contracts are divided into four categories: confined upland disposal facilities construction contracts; wetland restoration contracts, beach sand placement contracts; and channel dredging contracts with placement of dredged material to confined upland disposal facilities.

In the initial construction year, dredging will be performed in Reach C.  Plans and specifications for this dredging are included.  Similar type of plans and specifications will be developed for dredging contracts Reaches AA, A, B, D and E. 

For the new confined upland disposal facilities, work consists of site clearing, raising or building dikes, installing wick drains, constructing access roads, and constructing sluices. All disposal preparation work will be done prior to initial dredging. 

WETLAND RESTORATIONS. Wetland restorations consist of Kelly Island, Delaware and Egg Island Point, New Jersey.  They are described in Section 3.3.3 of the SEIS.

Kelly Island. The Kelly Island wetlands restoration has been refined since the publication of the SEIS (July, 1997) based on coordination with DNREC, NMFS and US Fish and Wildlife Service.  An updated description appears below and in the attached “Kelly Island Restoration Project Design Package”.  A monitoring plan is described in the attached “Kelly Island Wetland Restoration: Goals Table, dated 1 November 2000” that was developed by the District in coordination with the resource agencies.

The Kelly Island Project is a wetland restoration.  The main purposes of the project are to restore intertidal wetlands using dredged sediment from the deepening of the Delaware River navigation channel, stem erosion of the Kelly Island shoreline estimated at 20 feet per year, provide extensive sandy beach for spawning horseshoe crabs, and provide continued protection to the entrance of the Mahon River.  

Restoring wetlands in this environmentally sensitive area has been a high priority for the State of Delaware.  A plan has been developed with the assistance of the Federal and State resource agencies to restore 60 acres of intertidal habitat.  The site will be constructed as an impoundment and remain as such until the sediments consolidate and vegetation becomes established.  At that time, the State of Delaware will decide whether to open the site up to unregulated tidal inundation.  The option to convert back to an impoundment will be maintained.  Following construction, the site will be monitored to insure that the goals of the project are met and that no adverse impacts occur, particularly impacts to oyster beds.  

Features of the project include: 

· Sixty acres of wetlands where the substrate will consist of an estimated 240,000 cubic yards of silt and 460,000 cubic yards of sand. 

· An offshore containment dike made of 1.7 million cubic yards of sand that will provide up to 5,000 linear feet of sandy beach.  The crest of the dike will be at +10 ft MLW providing substantial spawning habitat for horseshoe crabs.

· A geotextile tube within the core of the offshore dike that provides overwash protection.  
· Sheetpile groins to limit sand transport along the beach. 

· Options for water level control or free tidal exchange with the bay.  

Construction:

Construction of the sand dikes will begin at the south end gaining access to the site from the Mahon River channel.  Once the dikes are constructed, the interior will be filled.  Filling will take approximately 4 months.  The total time to construct Kelly Island is 15 to 18 months.  The only time that the contractor would shut down would likely be for short period in Jan-Feb time frame, and during storm events.  Fine-grained sediment will be placed first followed by placement of sand.  The volume of sediment to be placed in the site will ultimately achieve a surface elevation of +5 feet MLW which is at the upper part of the tidal range.  After construction, and possibly for several years, the water levels in the site will be controlled.  

The offshore dike will have a crest elevation of +10 feet MLW.  This elevation is coincident with the water level for a return interval between 10 and 25 years.  It is only during rare events that this sand dike will be overtopped.  The dike is expected to provide up to 5,000 linear feet of spawning habitat for horseshoe crabs.  

The crest width of the dike will be 200 feet at its narrowest and 350 feet at its widest.  The volume of sand in the cross section of the dike will be constant, i.e. 845 cubic yards per yard.  Therefore, the crest width of the dike in shallow water will be greater than in deeper water.  The total volume of sand required for the offshore dike is 1.7 million cubic yards (which includes a quantity sufficient to offset an estimated one foot of settlement).  The offshore slope of the dike is estimated to be initially 1:20, and after the first year of “weathering” it should equilibrate to a milder 1:40 slope.  

The southern end of the offshore dike will terminate on the island.  The elevation of the crest of the dike will transition from +10 feet MLW to the +7 feet MLW (approximate) elevation of the existing marsh.  The dike will extend onto the island far enough to prevent southerly waves at high water levels from damaging any portion of the interior of the project.  The dike will also extend beyond its connection with the landward dike.  

The northern end of the offshore dike will extend approximately 300 feet beyond Deepwater Point roughly parallel to the shoreline.  The outlet works for the project will be placed at Deepwater Point, and so the offshore dike will protect that location.  

A geotextile tube will be placed within the offshore dike as a factor of safety against a breach in the dike due to an extreme event and overwash.  The crest of the tube will be placed to a crest elevation of +7 feet MLW.  The tube will then be buried under an additional three feet of sand bringing the crest of the dike up to elevation +10 feet MLW.  The protection that the tube provides should allow time for maintenance or repair work to be planned and executed if a breach should develop due to overwash. 

A landward dike will be constructed along the edge of the existing marsh with a crest elevation of +8 feet MLW.  The dike crest width will be 20-30 feet.  The dike will prevent dredged material from flowing across or settling in the existing marsh.  The dike will be built-up by trucking sand from the larger offshore dike to the landward dike during construction.  The dike will not be constructed by hydraulic placement of sand.  The dike will be left in place after construction to impound the site.  In the future, if the State of Delaware decides that the site should function with unregulated tidal exchange with the bay, the landward dike may be removed.  However, if the capability to impound the site at some future date is necessary, then the landward dike should not be removed.  

Sheetpile Groins

Sheetpile groins made of either timber or vinyl will be placed along the perimeter of the offshore dike to help limit longshore transport.  Although the cross-section of the dike is designed to sustain sediment losses for many years without losing any of its function, groins will increase the longevity of the project, reduce potential maintenance, and add a factor of safety against the risk that sand will be transported south along the project into the Mahon River entrance.  The groins will extend seaward from the crest of the dike about 240 feet.  They will extend landward from the crest of the dike about 50 feet.  Therefore, their total length is 290 feet.  The groins will follow the initial profile of the dike having a 1:20 slope from the crest of the berm to MLW.  The crests of the groins will be nominally about 2 feet above the sand berm initial cross-section.  The groins will be spaced about 750 feet apart.  At both ends of the project, terminal timber sheet-pile groins will be constructed that are 450 feet long.  The groins will be constructed after the sand berm is constructed

Outlet Works

The outlet works for the marsh will be placed through a cross-shore sand dike at the north end of the project extending from the tip of Deepwater Point to the offshore dike.  The elevation of the crest of the cross-shore dike will be +8 feet MLW which is sufficient to prevent even the annual highest high-tide from overtopping the dike.  This elevation also provides sufficient freeboard so that water levels in the site can be held high if needed.  The cross-shore dike does not need additional elevation to prevent wave overtopping because it is protected from waves by the offshore dike.  A geotextile tube like the one described for the offshore sand dike will be placed in the core of the cross-shore dike.  The flows through the outlet works during dredging depend mainly on the depth of water above the weir crests.  

The outlet works will have outflow pipes that pass through the core of the cross-shore dike.  The cross-section of the cross-shore dike will be held to a minimum to minimize the length of outlet pipe required.  The actual crest width of the dike will depend on the stability of the foundation upon which the dike is built.  The dike will be filled until a stable cross-section is achieved.  The dike will be constructed by moving sand from the offshore dike with heavy equipment so that steeper side slopes can be achieved which will minimize the dike cross-section.  

The outlet works provided at the north end of the project will control release of water during dredging.  Several drop inlets are planned.  The capacity of the outlet works will depend on the size of the dredge pump and discharge line, the frequency of hopper discharges (cycle time), and water control requirements for post-construction marsh management.  But the potential to release water at a rate as high as 75-100 cfs may be required.  

An outlet works at the southern end of the project will not be necessary for dredging purposes.  However, tidal connection to the southern end of the site may be desired after the marsh develops and natural flow patterns emerge.  Any additional tidal connection will be achieved, for example, through small tidal guts through the existing marsh to the Mahon River and not through the offshore dike.  A tidal gut presently exists near the south end of the project and may provide an ideal connection with the Mahon River. 

Further description and need for the Kelly Island wetland restoration can be found in Section 3.3.3.2 of the SEIS (July, 1997)

Egg Island Point. The Egg Island Point wetland restoration is described in detail in Section .3.3.3.2 of the SEIS (July, 1997) and summarized below.

The project features are as follows: 
•
Southeast side: Create 135 acres of wetlands (500,000 cubic yards of sand).  Construct an offshore dike (1.7 million cubic yards of sand) and 5,000 feet of sandy beach 

•
Northwest side: Install staggered alignment of geotextile tube breakwater along 10,000 feet of eroding shoreline.  Tubes will be installed on sand foundation/leveling berms using approximately 275,000 cubic yards of sand for the berms and 25,000 cubic yards in the tubes.  These quantities are included in the 1.7 million cy total for berm estimate.

(
Provide spawning habitat for horseshoe crabs and feeding habitat for migratory shorebirds on the beach face.

(
Maximize habitat for winter and summer flounder in the wetlands.

Construction:

Much of the information for geotextile tubes and structures presented for Kelly Island is applicable to both shorelines of Egg Island Point.  The northwest and southeast treatments, configurations, placements, and techniques differ considerably (FIGURE 13).  The Egg Island project will require approximately 20 months to build , with about 14-15 months of continuous depositing of sand, likely beginning in March and running through to the following September-October.  The only time that the contractor would shut down would likely be for short period in January-February time frame, and during storm events.  It should be noted that only a small portion of the 4 miles of frontage (approximately 1000 feet) for the project would be active at any point in time.

The southeastern side of the existing marsh at Egg Island Point will be protected by a single geotextile tube structure.  The geotextile tube will be placed on top of a dredged material sand foundation built to elevation 0 feet MLW away from the eroding shoreline (FIGURE 14).  The side slopes of the foundation are expected to reach 1:20.  The crest elevation for the tube is expected to reach an elevation of +5 feet ("1) feet MLW.   The area within the lee of the structure will be filled with sandy dredged material to an elevation of + 5 feet MLW. These elevations will be inundated daily during high tide periods which are expected to reach elevations of +5.5 feet MLW to +6.2 feet MLW (spring high tide).  Consequently, waves will often overtop the project.  The structure and the fill behind it should attenuate much of the wave energy.  

Scour Blanket.  Using the design wave height of 6.2 feet and a water depth at the structure of 6 feet, the recommended scour blanket width should be 13 feet.  The scour blanket (geotextile fabric) will be anchored along its seaward edge with a factory-stitched anchor tube of one to two feet in diameter below 0 feet MLW, and it will be buried in the substrate.

As an added precaution, the scour blanket and anchor tube will be extended to either side of the tube.  It is important to have the scour blanket on the leeward side of the tube to prevent overtopping wave scour from undermining the tube.  Overtopping scour problems are more likely at this site than at the Kelly Island site due to the differences in breakwater heights.

Length of Geotextile Tube Segments.  Geotextile tubes about 200 feet in length will be used.  The use of tubes of this length improves the structures integrity (i.e. should any particular tube be damaged, only a small section of the structure would suffer and could be more easily repaired).  Experience has also shown that deploying more than 300 feet of geotextile tube at any one time can be difficult to control or hold in place while filling. 

Geotextile Tube Fabric.  Fabric needs for Egg Island Point are very similar to Kelly Island.  Dredged material filling the tubes will be sandy, and the same wave and wind energies occur at both Egg Island Point and Kelly Island.

Planform Design 

The region behind the structure on the southeastern shoreline of Egg Island Point will be filled with sandy dredged material to elevation of +5 feet MLW.  This is equal to the elevation of the geotextile tube crest.  The expected occurrence of events are that the area immediately behind the tubes will be scoured somewhat and, in general, material will be moved toward the existing marsh where a small berm or dune may form.  

At the Egg Island Point project, as sand behind the breakwater (tubes) is pushed back toward the existing marsh, it may cover over some of the existing marsh.  The amount of sand overwash will depend on the amount of wave energy exposure that the site receives before the project is densely colonized by marsh vegetation.  The sand overwash may alter the existing marsh locally but should not be considered a long-term detriment.

Waves approaching the tubes obliquely will cause material within the project to move laterally across the project.  No technique is available to determine how much transport will occur.  However, any dominant wave direction will move the fill material in that direction.  At Egg Island Point, waves are limited from the north and east due to land boundaries, but are fully exposed to waves from the south and west.  Hence, the tendency should be for material to move north and east across the project.  Initially, the adjustment of sand due to the wave climate may be dramatic, but as the sand achieves a more stable profile across the project area, the amount of sediment movement should diminish and then slow as vegetation colonizes the area.   

If sand moves from behind the tube breakwater under the conditions described above, it should behave the same as the sand placed in the structure foundation.  Sediment transport impacts are discussed in Section 9.0 of the SEIS.

Tidal Exchange 

Since the single row of tubes will be inundated by about 0.5 to 1.0 feet MHW along the entire length of the tube, additional measures are not necessary to ensure tidal flushing.  In the event that a second row of tubes is needed, then tidal flushing may be sufficiently accomplished by leaving a few gaps in the second row of tubes.  The amount of such openings should be determined after the project is constructed, and natural exchange mechanisms have had time to develop.

Most of the concern for tidal exchange is for the region between the westernmost point of the island, and the marsh point that extends nearly to the breakwater line of tubes near the center of the project.  It is assumed that regardless of the structure design, there will be sufficient tidal exchange through the easternmost open end of the tube breakwater (towards the Maurice River Cove).

Egg Island Point Wetland Restoration Design:  Northwestern Shoreline

The structures will consist of a staggered alignment of single geotextile tubes with one set of tubes close to the shoreline, and a second set of tubes about 50 feet offshore (Figure 13).  A similar configuration has worked very well on the Louisiana Gulf Coast to protect eroding shoreline and to trap sediment to rebuild salt marsh.  This configuration will help protect the shoreline without slowing ingress and egress for organisms.  Openings between tubes will allow nearly full tidal access, while breaking waves that travel towards the shoreline.

Each geotextile tube will be placed on top of a dredged material sand foundation built to elevation 0 feet MLW away from the eroding shoreline (Figure 14).  The sides of the foundation are expected to reach a 1:20 slope.  The geotextile tubes in the staggered rows on the northwestern shoreline will also be 200 feet long, and achieve a projected height of five feet (MLW) after filling.  Fabric tensile strength, tube and port design, placement, and filling will all be very similar to that of the southeastern shoreline of Egg Island Point and Kelly Island.  No filling between the tubes and the shore will be carried out, and any sediment trapped behind the breakwater will be natural accretions.

Environmental Impacts of Wetland Restorations

The impacts are described in detail in Section 9.1 of the SEIS and summarized below for each area.

Shore Erosion

The breakwaters and restored wetlands at Kelly Island will protect about 5,000 feet of severely eroding shoreline; those at Egg Island Point will protect about 10,000 feet.  These shorelines have been eroding at the rate of 15 to 30 feet per year.  The expected life of the geotextile tubes is estimated to be 30 years, so the Egg Island Point restoration will be afforded protection from erosion for up to that period of time. The Kelly Island wetland restoration will be maintained for the life of the project to insure that the fine grained material will not escape.

Water Quality

The results of chemical and biological testing of dredged material that would be used for beneficial use sites are discussed in greater detail under Section 4.0 of the SEIS, Sediment Quality Investigations.  Sediment testing included bulk analysis and elutriate analyses for heavy metals, pesticides, PCBs, PAHs, phthalates, volatile organics, and semi-volatile organics; bioassays; and bioaccumulation tests.  The results of this testing indicates that the dredged material from Reach E (Bay portion) is acceptable for beneficial uses such as wetland creation and later beach nourishment.   

Benthic Communities 

Benthic survey results are discussed in greater detail under Section 8.0 of the SEIS, Benthic Habitat Investigations.  No significant differences were found between any of the beneficial use sites and background conditions in Delaware Bay that would preclude its use.  Therefore, no significant impact will occur to benthic resources due the use of any of these sites as wetland restorations. 

Approximately 60 acres of mostly subtidal habitat adjacent to Kelly Island and 135 acres of subtidal habitat adjacent to Egg Island Point will be restored to intertidal wetland habitat, consisting of mostly Spartina alternaflora (saltmarsh cordgrass).  Prior to the severe erosion that is presently taking place, this area consisted of intertidal marsh.  Nevertheless, the benthic community that exists will be replaced by an intertidal marsh community.  The benthic communities of these sites, which cover about 195 acres, would be eliminated and the bottom would be changed from subtidal to intertidal wetland, averaging about +5 feet MLW.  These sites were among those having the poorest quality benthic communities.  They were characterized by a considerably less diverse assemblage than the background benthic communities in Delaware Bay.  Compared to other candidate sites, they contained a higher abundance of opportunistic species, which are typical of disturbed environments.  LC-9 (Kelly Island) was characterized by a different species composition between the two years it was sampled, which is a further indication of its unstable benthic community.  LC-9 and PN1A (Egg Island Point) also had the lowest percent of equilibrium taxa among all of the candidate sites.  

Wetlands

Approximately 60 acres of mostly subtidal habitat adjacent to Kelly Island and 135 acres of subtidal habitat adjacent to Egg Island Point will be restored to intertidal habitat, consisting of mostly Spartina alternaflora (saltmarsh cordgrass).  In addition, hundreds of acres of intertidal wetlands that exist behind the restored wetlands will be protected from continued erosion.

Fish and Wildlife Resources

The construction of the wetland restorations will be phased to avoid and/or minimize impacts to fish and wildlife, especially to spawning horseshoe crabs and migrating and feeding shorebirds as described under Section 3.3.4.4 of the SEIS.  Reconstruction of wetlands at Kelly Island and Egg Island Point will greatly benefit most wildlife species.  Although approximately 195 acres of aquatic habitat will be lost, this was formerly intertidal marsh before being destroyed by erosion.  The loss of this aquatic habitat is not a significant impact.

Kelly Island

The primary species of concern at Kelly Island under its present condition are the horseshoe crabs that spawn at nearby sand beaches, the migrating and feeding shorebirds, waterfowl, and waterbirds in general.  The engineering design previously described will enhance habitat for all of these species, and in addition, will provide a sheltered intertidal area for juvenile fish species certain times of the year.

The capability of the Kelly Island site to enhance habitat, and slow erosion losses behind the it, will off-set short-term impacts.  To minimize the risk of any mishaps taking place during construction, field monitoring will be in place to insure correct filling procedures, dike, and outlet works construction, achievement of marsh elevations, and other aspects of a high quality project.  A number of environmental parameter will be monitored to insure the success of this project (See attached Goals Table).

The sand dike is designed to have slopes and elevations conducive for horseshoe-crab spawning.  Erosion of the dike is inevitable, but the quantity of sand placed will allow crab spawning for many years.  Maintenance of the dike will extend this time for at least the life of the project (50 years).  

Southeast Egg Island Point

One of the major considerations for southeast Egg Island Point is the blocking of the tidal channel that was once a tidal pool within the marsh.  It has eroded to the point of no longer being a pond, but being part of the Bay, and provides an area of extensive intertidal mud flats.  An evaluation conducted by the Corps indicates that there will be tidal access from the other side of Egg Island Point, via Straight Creek.  No real blockage of the tidal creek will occur, although its flow direction will be altered.  In addition, the blocking of the channel on the southeast side of Egg Island Point should protect the mud flats and adjacent marsh from continued erosion.  

Another area of concern is the provision of spawning areas for horseshoe crabs, which use the Egg Island Point area more abundantly than they do the Kelly Island area.  Habitat characteristics that crabs require are sandy, aerated, unvegetated beaches.  The sand placed in the lee of the breakwater at southeast Egg Island Point will be at an elevation to attract crabs.  A greater long-term problem will be the vegetation that may ultimately cover the sand, with a resulting loss of crab spawning habitat.  Slopes and elevations will be conducive to both spawning and non-trapping of crabs within the site.  This location should provide abundant crab spawning habitat, at least for the short-term.

The danger of crabs being trapped within the fill area is lessened by the broad extent of sandy beach that will be constructed behind the breakwater.  The most likely potential for crab trapping will be directly behind the breakwater in pools that may form from overtopping and scour.  The natural formation of tidal channels in dredged material sites should accommodate crab movements, but it is likely that some crabs will be trapped. 

There are a number of other species that will benefit from  protection of the southeast Egg Island Point site, such as waterbirds, shorebirds, and juvenile fish.  All of these species will use the low marsh and tidal pools.  Since Egg Island Point also has more high marsh and shrubby areas than Kelly Island, any washback of sand into the high marsh zone should serve to enhance that habitat.  This would provide both additional crab spawning areas along fringes and potential tern, gull, and other waterbird nesting areas.   

Most of the habitat characteristics and considerations for Kelly Island are also part of Egg Island Point, and the same species will benefit from the projects.  The protection of the rapidly eroding shoreline marshes, and the resultant additions to habitat at Egg Island Point will more than off-set any detrimental short-term effects from construction activities.

There are two areas that are believed to require planting with Spartina alterniflora because of possible scour problems: a 200 foot strip, about 200 feet shoreward of the tubes; and the area near the point.  These areas would be subject to greater wave erosion.  However, the recommendation to allow natural colonization for at least part of the site comes from both cost-savings and the need at Egg Island Point for more bare sand for both crabs and birds.  The situation is different at southeast Egg Island Point than at Kelly Island, where fine-grained material is being placed, and the bare sand is a very important habitat type that fits requirements for several species.

Optimize habitat for use by summer and winter flounder juveniles by creating tidal guts in the restored wetlands.  Although the objective of maximizing summer and winter flounder habitat will focus on these species, an attempt will be made to create a diverse aquatic community that is similar to that which exists in the adjacent reference tidal marsh waterways.

9.1.5.3  Northwest Egg Island Point

The northwest Egg Island Point site will have no fill material placed and is designed to trap sediment to nourish the eroded marshes on that side.  Any accumulations of sediment will benefit Egg Island Point wildlife by adding to the existing marsh, providing sand areas for crab spawning, and protecting from beach scour.  Some of the area that will be protected by the staggered rows of tubes is presently crab spawning beaches.  These should be enhanced, since nearly full tidal access from the Bay to the beaches will be present using the staggered configuration (Figure 3-6).  Any high marsh that should accrete as a result of the design will further enhance use by wildlife, especially by crabs and waterbirds.  

The staggered row design planned at northwest Egg Island Point is a tested, proven habitat restoration technique for the Gulf Coast.  It is expected to provide the same type of benefits in Delaware Bay.
Continuity of Construction at Wetland Restorations
The time needed to construct Kelly Island is estimated to be 15 to 18 months; to construct Egg Island Point the time is estimated at approximately 20 months including 14 to 15 months of continuing depositing sand.  These times could change depending on the weather conditions.  The only anticipated downtime would be for short periods in January/February during storm events.  The containment berms at the wetland restorations at Kelly Island, Delaware and Egg Island Point, New Jersey need to be finished after they are started to protect their integrity.  If they are left partly built, the berms could be undermined and destroyed by wave and/or storm action.  There are environmental windows for horseshoe crabs and shorebirds and winter flounder that could impact construction for Kelly Island.  For the construction of Egg Island Point, there is an additional window for female blue crabs.  These environmental windows are attached.  If all of these windows are observed, neither of these wetland restoration projects could be constructed.  The Corps has conducted a study this winter to determine the percentage of female blue crabs that use the navigation channel for hibernation.  For the small section of the channel scheduled to be dredged during winter (2.3 miles long, 278.8 acres) the estimated abundance of live crabs across size and sex groups was 70,038 crabs based on the mean density in the entire channel (2,594 based on the estimated density for the Miah Maull Range).  The number of crabs in the impacted area constitutes about 6% of the live crabs that were hibernating in the channel, and 0.1% of the crabs hibernating in the lower Delaware Bay (based on the overall mean density in the channel).  In conclusion, this study suggests that the impact of the navigation channel deepening project on the blue crab stock during winter is likely to be negligible.  A study to determine horseshoe crab use of the shorelines where restoration is proposed should have results available by mid October 2001.  However, since neither horseshoe crabs nor blue crabs are included on the fish to be evaluated under EFH, we would like to handle this under separate coordination as the information becomes available. 

SAND PLACEMENT-BEACHES.  Sand placement sites where the Corps has completed an environmental assessment or environmental impact statement will be considered. The placement of sand material will provide storm damage protection, thereby preventing potential damages to adjacent communities and environmental restoration and protection of severely eroding tidal wetlands and beaches along the shore of Delaware Bay.  The placement sites include Port Mahon, Broadkill Beach, and Dewey/Rehoboth Beaches.  Corps of Engineers reports for these sites have been completed.
PROJECT OPERATION. The Philadelphia District, Corps of Engineers would maintain the Federal channel and anchorage in accordance with the project dimensions. Maintenance of navigation aids would continue to be the responsibility of the US Coast Guard.

ESSENTIAL FISH HABITAT (EFH) OF SPECIES LOCATED IN PROJECT AREA

Under provisions of the reauthorized Magnuson-Stevens Fishery Conservation and Management Act of 1996, the Delaware River and Bay from New Castle, DE and Pennsville, NJ to the mouth of the Bay at the Atlantic Ocean including the navigation channel, wetland restoration sites, and beach nourishment sites were designated as Essential Fish Habitat (EFH) for species with Fishery Management Plans (FMP’s), and their important prey species.  The area near Marcus Hook, PA where rock blasting will be done is also classified as EFH since it is classified as a mixing zone since the salinity at this site can exceed 0.5 ppt.  The National Marine Fisheries Service has identified EFH within 10 minute X 10 minute squares (Table 1 and Figure 15). The study area contains EFH for various life stages for 26 species of managed fish and shellfish.  Table 2 presents the managed species and their life stage(s) that EFH is identified for within the 10 x 10 minute squares that cover the study area.  The habitat requirements for identified EFH species and their representative life stages are provided in Table 3.

	TABLE 1.  10 MINUTE X 10 MINUTE SQUARES THAT CONTAIN ESSENTIAL FISH HABITAT FOR THE DELAWARE RIVER MAIN CHANNEL DEEPENING PROJECT (NOAA, 1999)

	Square Number
	Coordinates

	
	North
	East
	South
	West

	31
	39( 40,0’ N
	75( 30,0’ W
	39( 30.0’ N
	75( 40.0’ W

	38
	39( 30.0’ N
	75( 30.0’ W
	39( 20.0’ N
	75( 40.0’ W

	39
	39( 30.0’N
	75( 20.0’ W
	39( 20.0’ N
	75( 30.0’ W

	48
	39( 20.0’ N
	75( 20.0’ W
	39( 10.0’ N
	75( 30.0’ W

	49
	39( 20/0’ N
	75( 10.0’ W
	39( 10.0’ N
	75( 20.0’ W

	50
	39( 20.0’ N
	75( 00.0’ W
	39( 10.0’ N
	75( 10.0’ W

	59
	39( 10.0’ N
	75( 20.0’ W
	39( 00.0’ N
	75( 30.0’ W

	60
	39( 10.0’ N
	75( 10.0’ W
	39( 00.0’ N
	75( 20.0’ W

	61
	39( 10.0’ N
	75( 00.0’ W
	39( 00.0’ W
	75( 10.0’ W

	70
	39( 00.0’ N
	75( 10.0’ W
	38( 50.0’ N
	75( 20.0’ W

	71
	39( 00.0’ N
	75( 00.0’ W
	38( 50.0’ N
	75( 10.0’ W

	80
	38( 50.0’ N
	75( 10.0’ W
	38( 40.0’ N
	75( 20.0’ W

	81
	38( 50.0’ N
	75( 00.0’ W
	38( 40.0’ N
	75( 10.0’ W

	90
	38( 40.0’ N
	75( 00.0’ W
	38( 30.0’ N
	75( 10.0’ W


Habitat Areas of Particular Concern (HAPC)

A review of EFH designations and the corresponding 10 x 10 minute squares, which encompasses numbers 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, and 90 contain areas designated as “Habitat Areas of Particular Concern” (HAPC) for the sandbar shark.  HAPC are areas of EFH that are judged to be particularly important to the long-term productivity of populations of one or more managed species, or to be particularly vulnerable to degradation (NOAA, 1999).

 Sandbar sharks use the shallows of Delaware Bay as an important seasonal nursery ground.  The juvenile sharks (1 to 6 yr. old) return to the Bay from wintering grounds in the Carolinas, in mid May.  Adult females visit the Bay to pup (deliver live-born young) in the first weeks of June.  This has not been directly observed yet, many young caught in June bear fresh umbilical cord remnants and all have open umbilical scars indicating very recent birth.  Newborns weigh about 1.5 pounds and are about 1.5 feet in length.  Tag returns show that they stay in the bay feeding throughout the summer and depart for their winter (secondary) nurseries when the waters turn cool in mid October.  Most newborns are found on the shallow flats in the Southwestern Bay although they seem to radiate out and use more of the Bay during the summer, as they get larger.  Telemetry studies show that juveniles cross the bay mainly on the bottom.  They are bottom feeders, preying on fish, particularly flat fish, crabs (blue crabs and spider crabs) and other benthic organisms.

	TABLE 2.  SUMMARY OF SPECIES WITH EFH DESIGNATION IN THE 10 min. x 10 min. SQUARES OF 31, 38, 39, 48 49, 50, 59, 60, 61, 70, 71, 80, 81, and 90 and Mixing Zone (MZ) (NOAA, 1999)

	MANAGED SPECIES
	EGGS
	LARVAE
	JUVENILES
	ADULTS

	Atlantic cod (Gadus morhua)
	
	
	
	81

	Red hake (Urophycis chuss)
	31,71, 81
	31, 71, 81
	71, 81
	59,60,61,70, 71, 80, 81

	Red fish (Sebastes fasciatus)
	90
	
	
	

	Winter flounder (Pleuronectes americanus)
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ
	31, 38,39,48, 49, 50, 59, 60, 61, 70, 71,80, 81, 90, MZ
	31, 38,39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ
	31,38,39,48, 49,50,59,60,661, 70, 71,80,81, 90, MZ*

	Windowpane flounder (Scopthalmus aquosus)
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81,90, MZ 
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81,90, MZ 
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ* 

	American plaice (Hippoglossoides platessoides)
	
	
	MZ
	

	Atlantic sea herring (Clupea harengus)
	
	
	48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ
	48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90

	Monkfish (Lophius americanus)
	81, 90
	81, 90
	
	

	Bluefish (Pomatomus saltatrix)
	
	
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 

	Long finned squid (Loligo pealei)
	n/a
	n/a
	
	71

	Short finned squid (Illex ilecebrosus)
	n/a
	n/a
	
	

	Atlantic butterfish  (Peprilus tricanthus)
	
	59, 60, 61, 70, 71, 80, 81
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 
	59, 60, 61, 70, 71, 80, 81, 90

	Summer flounder (Paralicthys dentatus)
	
	90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ 

	Scup (Stenotomus chrysops)
	n/a
	n/a
	31, 38, 39, 48, 49, 50,59, 60, 61, 70, 71, 80, 81, 90, MZ
	31, 38, 39, 48, 49, 50, 90 

	Black sea bass (Centropristus striata)
	n/a
	81
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, MZ
	59, 60, 61, 70, 71, 80, 81, 90

	Ocean quahog (Artica islandica)
	n/a
	n/a
	
	

	Spiny dogfish (Squalus acanthias)
	n/a
	n/a
	71
	81

	King mackerel (Scomberomorus cavalla)
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90

	Spanish mackerel (Scomberomorus maculatus)
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90

	Cobia (Rachycentron canadum)
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	31, 38, 39, 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90

	Sand tiger shark (Odontaspis taurus)
	
	50, 59, 60, 61, 70, 71, 80, 81, 90
	
	59, 60, 61, 70, 71, 80, 81, 90

	Atlantic angel shark (Squatina dumerili)
	
	71, 81, 90
	71, 81, 90
	71, 81, 90

	Dusky shark (Charcharinus obscurus)
	
	48, 49, 50, 60, 61, 70, 71, 80, 81, 90
	
	

	Sandbar shark (Charcharinus plumbeus)
	
	HAPC , 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	HAPC , 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90
	HAPC , 48, 49, 50, 59, 60, 61, 70, 71, 80, 81, 90

	Scalloped hammerhead shark (Sphyrna lewini)
	
	
	71, 81, 90
	

	Atl. Sharpnose shark (Rhizopriondon terraenovae)
	
	71, 81, 90
	71, 81
	71, 81, 90


“n/a”: species either have no data available on designated lifestages, or those lifestages are not present in the species reproductive cyle.

HAPC: (Habitat Areas of Particular Concern): EFH that is judged to be particularly important to the long-term productivity of populations of one or more managed species, or to be particularly vulnerable to degradation.

* Spawning adults present in mixing zone.

	TABLE 3.  HABITAT UTILIZATION OF IDENTIFIED EFH SPECIES AND THEIR SUMMARY OF SPECIES WITH EFH DESIGNATION IN THE 10 min. x 10 min. SQUARES OF 31, 38, 39, 48 49, 50, 59, 60, 61, 70, 71, 80, 81, 90, and Mixing Zone (NOAA, 1999)

	MANAGED SPECIES
	EGGS
	LARVAE
	JUVENILES
	ADULTS

	Atlantic cod (Gadus morhua)

(Fahay, 1998)
	
	
	
	Habitat:  Bottom (rocks, pebbles, or gravel) winter for Mid-Atlantic

Prey: shellfish, crabs, and other crustaceans (amphipods) and polychaetes, squid and fish (capelin redfish, herring, plaice, haddock). 

	Red hake (Urophycis chuss)

(Steimle et al. 1998)
	Habitat:  Surface waters, May – Nov.
	Habitat:  Surface waters, May –Dec. Abundant in mid-and outer continental shelf of Mid-Atl. Bight.

Prey:  copepods and other microcrustaceans under floating eelgrass or algae.


	Habitat:  Pelagic at 25-30 mm and bottom at 35-40 mm. Young inhabit depressions on open seabed. Older juveniles inhabit shelter provided by shells and shell fragments.   

Prey:  small benthic and pelagic crustaceans (decapod shrimp, crabs, mysids, euphasiids, and amphipods) and polychaetes). 
	

	Red fish (Sebastes fasciatus)
	n/a
	
	
	

	Winter flounder (Pseudopleuronectes americanus)

(NOAA, 1999); Pereira et al, 1998; McClane, 1978)
	Habitat: Mud to sand or gravel;  from Jan to May with peak from Mar to April in 0.3 to 4.5 meters inshore; 90 meters or less on Georges Bank. 10 to 32 ppt salinity.
	Habitat: Planktonic, then bottom oriented in fine sand or gravel, 1 to 4.5 m inshore.  3,2 to 30 ppt. salinity.

Prey:nauplii, harpacticoids, calanoids, polychaetes, invertebrate eggs,  phytoplankton. 
	Habitat: Shallow water. Winter in estuaries and outer continental shelf.  Equally abundant on mud or sand shell.

Prey: copepods, harpacticoids, amphipods, polychaetes
	Habitat: 1-30 m inshore; less than 100m offshore; mud, sand, cobble, rocks, boulders.

Prey: omnivorous, polychaetes and crustaceans. 

	Windowpane flounder (Scopthalmus aquosus)

(Chang, 1998)
	Habitat: Surface waters, peaks in May and October.
	Habitat: Pelagic waters.
	Habitat:  Bottom (fine sands) 5-125m in depth,  in nearshore bays and estuaries less than 75 m

 Prey: small crustaceans (mysids and decapod shrimp) polychaetes and various fish larvae
	Habitat:  Bottom (fine sands), peak spawning in May ,  in nearshore bays and estuaries less than 75 m

Prey: small crustaceans (mysids and decapod shrimp) polychaetes and various fish larvae

	Atlantic sea herring (Clupea harengus)

(Reid et al., 1998)
	
	
	Habitat:  Pelagic waters and bottom, < 10 C and 15-130 m depths

Prey: zooplankton (copepods, decapod larvae, cirriped larvae, cladocerans, and pelecypod larvae)
	Habitat:  Pelagic waters and bottom habitats; 

Prey:  chaetognath, euphausiids, pteropods and copepods.

	Monkfish (Lophius americanus)

(Steimle et al., 1998)
	Habitat:  Surface waters, Mar. – Sept. peak in June in upper water column of inner to mid continental shelf
	Habitat:  Pelagic waters in depths of 15 – 1000 m along mid-shelf also found in surf zone

Prey:  zooplankton (copepods, crustacean larvae, chaetognaths)
	
	

	Bluefish (Pomatomus saltatrix)
	
	
	Habitat:  Pelagic waters of continental shelf and in Mid Atlantic estuaries from May-Oct.
	Habitat:  Pelagic waters; found in Mid Atlantic estuaries April – Oct.

	Long finned squid (Loligo pealei)
	n/a
	n/a
	
	

	Short finned squid (Illex ilecebrosus)
	n/a
	n/a
	
	

	Atlantic butterfish  (Peprilus tricanthus)
	
	Habitat: Pelagic waters, greater than 33 ft deep
	Habitat:  Pelagic waters in 10 – 360 m
	Habitat:  Pelagic waters

	Summer flounder (Paralicthys dentatus)
	
	Habitat: Pelagic waters, nearshore at depths of 10 – 70 m from Nov. – May
	Habitat:  Demersal waters (mud and sandy substrates)
	Habitat:  Demersal waters (mud and sandy substrates). Shallow coastal areas in warm months, offshore in cold months

	Scup (Stenotomus chrysops)
	n/a
	n/a
	Habitat:  Demersal waters
	Habitat: Demersal waters offshore from Nov – April

	Black sea bass (Centropristus striata)
	n/a
	Habitat: Pelagic and estuarine.
	Habitat: Demersal waters over rough bottom, shellfish and eelgrass beds, man-made structures in sandy-shelly areas
	Habitat: Demersal waters over structured habitats (natural and man-made), and sand and shell areas

	Ocean quahog (Artica islandica)
	n/a
	n/a
	
	

	Spiny dogfish (Squalus acanthias)
	n/a
	n/a
	
	

	King mackerel (Scomberomorus cavalla)
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. 
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone

	Spanish mackerel (Scomberomorus maculatus)
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory

	Cobia (Rachycentron canadum)
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory
	Habitat: Pelagic waters with sandy shoals of capes and offshore bars, high profile rocky bottom and barrier island ocean-side waters from the surf to the shelf break zone. Migratory

	Sand tiger shark (Odontaspis taurus)
	
	Habitat: Shallow coastal waters, bottom or demersal
	
	Habitat: Shallow coastal waters, bottom or demersal

	Atlantic angel shark (Squatina dumerili)
	
	Habitat: Shallow coastal waters, 
	Habitat: Shallow coastal waters 
	Habitat: Shallow coastal waters, bottom (sand or mud near reefs)

	Dusky shark (Charcharinus obscurus)
	
	Habitat: Shallow coastal waters
	
	

	Sandbar shark (Charcharinus plumbeus) 

Pratt, 1999
	
	Habitat: Shallow coastal waters; submerged flats (1-4 m).  Important nursery area off Broadkill and Primehook beaches.
	Habitat: Shallow coastal waters; submerged flats (1-4 m) Important nursery area off Broadkill and Primehook beaches.
	Habitat: Shallow  coastal waters; submerged flats (1-4 m)

	Scalloped hammerhead shark (Sphyrna lewini)
	
	
	Habitat: Shallow coastal waters
	

	Atl. sharpnose shark (Rhizopriondon terraenovae)
	
	Habitat: Shallow coastal waters
	Habitat: Shallow coastal waters
	Habitat: Shallow coastal waters


The sharks’ main nursery areas on the East Coast are in Delaware and Chesapeake bays.  They formerly used Great South Bay, Long Island, N. Y. but surveys show that they have not used it recently, possibly due to anthropogenic or geological (morphological) changes (Pratt, 1999).

Important Habitat in Delaware Bay

Pup and juvenile sharks use submerged flats for residence and feeding in water depths of from 1 to 4 meters.  On the Delaware coast they extend from Roosevelt Inlet at the southern terminus of Broadkill Beach, to Port Mahon in the north.  The greatest concentrations of young sharks occur off Broadkill and Primehook beaches, Delaware. They also are found in great numbers on submerged flats off the New Jersey shore (1-4 m) between Villas and Reed's Beach and shoal areas throughout the Bay such as Deadman and Hawksnest Shoal.  They are limited by salinity to areas south of the latitude of Fortescue, NJ.  Juveniles and pups may be caught almost anywhere in the bay, but the southwest coastal areas have the greatest consistent numbers as reflected in Catch per Unit Effort (CPUE) data (Pratt, 1999).

Effect Analysis

The following activities will be done within designated EFH to construct the Delaware River Main Channel Deepening Project: (1) dredging the navigation channel; (2) wetland restoration at Egg Island Point, NJ; (3) wetland restoration at Kelly Island, Delaware; (4) beach nourishment at beaches in Delaware such as Rebohoth Beach and Dewey Beach on the Atlantic Ocean and Broadkill Beach and Port Mahon on Delaware Bay; and rock blasting near Marcus Hook, Pennsylvania in the mixing zone.  There are a number of Federally managed fish species where essential fish habitat (EFH) was identified for one or more life stages within the project impact areas.  Fish occupation of waters within the project impact areas is highly variable spatially and temporally.  Some of the species are strictly offshore, while others may occupy both nearshore and offshore waters.  In addition, some species may be suited for the open ocean or pelagic waters, while others may be more oriented to bottom or demersal waters.  This can also vary between life stages of Federally managed species.  Also, seasonal abundances are highly variable, as many species are highly migratory.  Impacts from dredging the navigation channel would include destruction of demersal or bottom dwelling life stages, if they occurred in the disturbed navigation channel.  Wetland restorations at Egg Island Point and Kelly Island would change shallow water habitat to wetlands; however, these areas are eroding at up to 30 feet per year, destroying wetlands that are important nursery areas for many fish species.  Many other areas of the Delaware Bay shoreline are eroding, creating more shallow water habitat in the process.  Restoring and protecting wetlands has a net positive value on the aquatic environment.  Beach restorations at Broadkill Beach and Port Mahon in Delaware will convert shallow water habitat to upland beach habitat.  Broadkill Beach is eroding at a rate of an average of 10 feet per year and has been nourished numerous times in the last 50 years by the State of Delaware (Corps. 1996a).  Severe erosion has also occurred at Port Mahon, however, erosion has been reduced since the State of Delaware placed a steel bulkhead (1975) and stone revetment (1982) along the shoreline.  These structures and the continuing erosion have degraded the area, especially as horseshoe crab spawning habitat (Corps. 1997a).  Table 4 summarizes the potential impacts to those species that have EFH designated in the project area except for blasting impacts in the mixing zone that are discussed separately..

1. Channel Deepening/Maintenance Dredging: Dredging the navigation channel is expected to have minimal adverse impacts to the managed species.  Most of the channel is presently disturbed from maintenance dredging and from prop wash from boat traffic.  Adult and juveniles are mobile and many would be able to move away from the dredge, but, as stated in Table 4, some mortality of eggs, larvae and juveniles would be expected by entrainment into the dredge.  This would be more likely to occur to some life stages of demersal species such as winter flounder, windowpane flounder, Atlantic sea herring, summer flounder, scup, black sea bass, sand tiger shark, Atlantic angel shark, sandbar shark, and Atlantic sharpnose shark.  Impacts to sandbar shark are discussed separately since there are “habitat areas of particular concern” (HAPC) in the project area.  Because of expressed concern for impacts to winter flounder, they are also discussed separately.

	TABLE 4.  DIRECT AND INDIRECT IMPACTS ON FEDERALLY MANAGED SPECIES AND ESSENTIAL FISH HABITAT (EFH) IN THE 10’ x 10’ SQUARES OF 31, 38, 39, 48 49, 50, 59, 60, 61, 70, 71, 80, 81, 90 and Mixing Zone (NOAA, 1999)

	MANAGED SPECIES
	EGGS
	LARVAE
	JUVENILES
	ADULTS

	Atlantic cod (Gadus morhua)
	
	
	
	Direct: Possible disturbance during dredging.

Indirect: Temporary disruption of benthic food prey organisms.



	Red hake (Urophycis chuss)
	Minimal impact..
	Minimal impact..
	Direct:  Some mortality of juveniles could be expected from entrainment into the dredge.

Indirect: Temporary disruption of benthic food prey organisms.  
	Direct: Possible disturbance during dredging.

Indirect: Temporary disruption of benthic food prey organisms.



	Red fish (Sebastes fasciatus)
	n/a
	
	
	

	Winter flounder (Pseudopleuronectes americanus
	If present, adverse effects from dredging, wetland restoration and beach nourishment since eggs are demersal.
	If present, adverse effects from dredging, wetland restoration and beach nourishment since eggs are demersal.  Tidal guts in wetland restorations will provide habitat.
	Direct:  Some mortality of juveniles could be expected from entrainment into the dredge. Tidal guts in wetland restorations will provide habitat

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Minor loss of shallow water habitat. 

Indirect: Temporary disruption of benthic food prey organisms.

	Windowpane flounder (Scophthalmus aquosus)
	Eggs occur in surface waters; therefore, minimal impacts are expected
	Larvae occur in pelagic waters; therefore, minimal impacts are expected.
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Minor loss of shallow water habitat. 

Indirect: Temporary disruption of benthic food prey organisms.

	Atlantic sea herring (Clupea harengus)
	
	
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge.

Indirect: None, prey items are planktonic


	Direct: : Minor loss of shallow water habitat.

Indirect: None, prey items are primarily planktonic



	Monkfish (Lophius americanus)
	Eggs occur in surface waters with depths greater than 25 m; therefore, minimal impacts are expected.
	Larvae occur in pelagic waters with depths greater than 25 m; therefore, minimal impacts are expected.
	
	

	Bluefish (Pomatomus saltatrix)
	
	
	Direct: Juvenile bluefish are pelagic species.  Minimal effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Adult bluefish are pelagic species.  Minimal effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.

	Long finned squid (Loligo pealei)
	n/a
	n/a
	
	

	Short finned squid (Illex ilecebrosus)
	n/a
	n/a
	
	

	Atlantic butterfish  (Peprilus tricanthus)
	
	Larvae are pelagic; therefore, minimal impacts are expected.
	Direct: Juvenile butterfish are pelagic species.  Minimal effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Adult butterfish are pelagic species. Minimal effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.

	Summer flounder (Paralicthys dentatus)
	
	Larvae occur in pelagic waters with depths greater than 10 m; therefore, minor direct or indirect effects are expected.   
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge. Minor loss of shallow water habitat. Tidal guts in wetland restorations will provide habitat
Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Minor loss of shallow water habitat.  Tidal guts in wetland restorations will provide habitat
Indirect: Temporary disruption of benthic food prey organisms.

	Scup (Stenotomus chrysops)
	n/a
	n/a
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms.

	Black sea bass (Centropristus striata)
	n/a
	
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms.

	Ocean quahog (Artica islandica)
	n/a
	n/a
	
	

	Spiny dogfish (Squalus acanthias)
	n/a
	n/a
	
	

	King mackerel (Scomberomorus cavalla)
	Direct Impacts: Eggs are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal anticipated.
	Direct Impacts: Larvae are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal  anticipated.
	Direct Impacts: Juveniles are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minor indirect adverse effects on food chain through disruption of benthic community, however, mackerel are highly migratory. 
	Direct Impacts: Adults are pelagic and highly migratory, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minor indirect adverse effects on food chain through disruption of benthic community, however, mackerel are highly migratory.

	Spanish mackerel (Scomberomorus maculatus)
	Direct Impacts: Eggs are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal anticipated.
	Direct Impacts: Larvae are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal anticipated.
	Direct Impacts: Juveniles are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minor indirect adverse effects on food chain through disruption of benthic community, however, mackerel are highly migratory. 
	Direct Impacts: Adults are pelagic and highly migratory, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minor indirect adverse effects on food chain through disruption of benthic community, however, mackerel are highly migratory.

	Cobia (Rachycentron canadum)
	Direct Impacts: Eggs are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal anticipated.
	Direct Impacts: Larvae are pelagic, therefore minimal adverse impacts are anticipated. 

Indirect Impacts: Minimal anticipated.
	Direct: Cobia are pelagic and migratory species.  Minmial direct effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.
	Direct: Cobia are pelagic and migratory species. Minimal direct effects anticipated.

Indirect: Temporary disruption of benthic food prey organisms.

	Sand tiger shark (Odontaspis taurus)*
	
	Direct: Some mortality of larvae could be expected from entrainment into the dredge because they may be oriented with the bottom. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	
	Direct: Adults are highly mobile and are capable of avoiding impact areas. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.

	Atlantic angel shark (Squatina dumerili)*
	
	Direct:  Some mortality of larvae could be expected from entrainment into the dredge because they may be oriented with the bottom.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Some mortality of juveniles could be expected from entrainment into the dredge.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Adults are mobile and are capable of avoiding impact areas.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.

	Dusky shark (Charcharinus obscurus)*
	
	Direct: Mortality from dredge minimal because embryos are reported up to 3 feet in length (McClane, 1978).  Therefore, the newborn may be mobile enough to avoid a dredge or placement areas. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	
	

	Sandbar shark (Charcharinus plumbeus)*
	
	Direct: If sand deposition is done between 1 May and 15 Sept. some mortality of larvae may be possible from entrainment into the dredge, burial in nearshore, and suffocation (Gorski, 2000) (pers. conv. between J. Brady-USACE and H.W. Pratt-NMFS.  Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Juveniles are mobile and are capable of avoiding impact areas, but may be vulnerable to suffocation (Gorski, 2000) if sand deposition is done between 1 May and 15 Sept.  Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Adults are highly mobile and are capable of avoiding impact areas.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.

	Scalloped hammerhead shark (Sphyrna lewini)*
	
	
	Direct: Juveniles may be mobile enough to avoid entrainment into the dredge or becoming buried/smothered at the placement site. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within borrow and placement sites.
	

	Atlantic. sharpnose shark (Rhizopriondon terraenovae)*
	
	Direct: Some mortality of larvae may be possible from entrainment into the dredge or burial in nearshore.

Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Juveniles are mobile and are capable of avoiding impact areas. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within placement sites.
	Direct: Adults are highly mobile and are capable of avoiding impact areas. Minor loss of shallow water habitat.

Indirect: Temporary disruption of benthic food prey organisms and food chain within borrow and placement sites.


The notation “n/a” indicates that some of the species either have no data available on the designated lifestages, or those lifestages are not present in the species’ reproductive cycle.

* Shark larvae are neonates and early juveniles; shark juveniles are late juveniles/subadults.

2. Salinity Impacts. To predict the likely magnitude of upstream saltwater encroachment in the river due to the deepening project, the Corps’ Waterways Experiment Station developed a 3-D numerical hydrodynamic/salinity model of the Delaware Estuary.

This model simulated salinity changes under a variety of low-flow conditions in the 1960s, as well as high-flow periods. It accounted for river contours, tides, wind, temperature, freshwater inflows, baymouth salinity and turbulence. Simulations were run for both existing and proposed channel depths.  Results showed that salinity during average inflow conditions will be displaced a maximum of about a mile further upstream if the channel is deepened by 5 feet. In contrast, the normal movement of the Delaware River’s salt line due to tides, wind, and changes in freshwater discharge is on the order of many miles.  Thus the amount of displacement, as simulated, will not likely have a significant impact under average conditions. The principal remaining concern is then what would happen during an extreme low-flow event.

The hydrodynamic/salinity model was applied to simulate the June-through-November 1965 portion of the 1961-1965 drought of record, with the present reservoir regulation scheme in place.  These simulations showed that with the deepened channel, salinity contours in the estuary up to the vicinity of Wilmington, Del., would be displaced further upstream between 0 and 1.8 miles, and the salt line would intrude between 1.4 and 4.0 miles further upstream. (The exact numbers vary depending on the month and salinity concentration being considered.)  More detailed information is available in Section 5.0 of the SEIS (Corps, 1997).

3. Wetland Restorations at Egg Island Point, NJ and Kelly Island, DE: Wetland restorations should not have significant adverse impacts to the EFH of the managed species.  Egg Island Point wetland restoration will take place in Squares 50 and 61, and Kelly Island wetland restoration will take place in Square 59 (See Table 1 and Figure 1).  The same species are present at both sites (Table 2).  Construction of the two wetland restorations will result in a change from shallow water habitat to wetlands.  There will also be a temporary disruption of benthic food prey organisms during construction.  However, Egg Island Point and Kelly Island are eroding at up to 30 feet per year, destroying wetlands that are important nursery areas for many fish species including winter and summer flounder.  Many other areas of the Delaware Bay shoreline are eroding, creating more shallow water habitat in the process.  Restoring and protecting wetlands has a net positive value on the aquatic environment.

4. Beach Nourishment at Rehoboth Beach, Dewey Beach, Broadkill Beach, Port Mahon and other Delaware Bay beaches in Delaware: The EFH Squares where construction could occur are 59, 70, 80, 81, and 90 (Table 1).  All managed species listed in Table 2 occur in these squares.  Beach nourishment at these beaches in Delaware will convert shallow water habitat to upland beach habitat.  Broadkill Beach is eroding at a rate of an average of 10 feet per year (Corps, 1996 a).  Rehoboth and Dewey Beaches are eroding up to 7 feet per year (Corps, 1996 b).  These beaches have been nourished numerous times in the last 50 years.  The shoreline at Port Mahon has eroded an average of 20 ft. per year until a bulkhead and revetment was completed between 1975 and 1983 (Corps. 1997a).  Many horseshoe crabs (Limulus polyphemus) become trapped and perish in the revetment each year during the spawning season.

Sandbar Shark: The habitat along the lower Delaware Bay coast in Delaware has been designated as “Habitat Areas of Particular Concern” (HAPC) (NOAA, 1999).  Pratt (1999) believes that there will be a great potential to impact shark pups and their food source of benthic organisms in the nursery areas along the Delaware Bay Coast, especially offshore from Broadkill Beach to Slaughter Beach, if sand is deposited near the beach (in areas 1 – 4 m deep) in the nursery season (Figure 16).  Potential impacts may include but not be limited to: changing the habitat characteristics, depth, profile, odor, turbidity and fauna of the area.  Loss of forage would also occur.  Prey species, principally crabs and fish of many species, may be disrupted directly by the presence of physical activity in the area and indirectly by the covering of vulnerable food web organisms with sand.  A “closed” window from 1 May to 15 September was recommended by the National Marine Fisheries Service (Gorski, 2000) to prevent potential impacts to newborn and juvenile sharks such as suffocation.  After this time period, the young sharks have reached a larger size where they would be more able to avoid the sand placement operations.

On 7 November 2000 representatives from the Corps and the NMFS held a teleconference to explore methods to place sand on Broadkill Beach during the Spring/Summer without significantly impacting the sandbar sharks puping (females giving birth to live-born young) and nursery area that is located offshore in shallow waters.  It was agreed that sand placement can be performed during the period from 1 May to 15 September using the following conservation measures:

a. A sand dike, 200 to 300 feet in length, will be constructed above mean high water (MHW) to contain dredged material that is pumped landward of it.  The dike will be constructed using existing sand on the beach.  The dike will be long enough that most dredged material will drop out on the beach and not return to the bay.  As material is deposited the dike may be repositioned seaward to contain the required filling above MHW for that section of Beach.  The slurry will still be controlled by the dike along the shoreline.  No dredged material will be hydraulically placed below MHW during the restricted period. The dike will be extended down the beach as the area behind the dike is filled and the dredged pipe is lengthened.  The dredged material that has been deposited will be built into dunes.  It is expected that little of this material will be redeposited by wave action during the spring/summer window period since weather is generally mild, except for possible hurricanes.  After September 15, some dredged material will be graded into the bay to widen the beach.

b. The dredged pipe will be placed on pontoons for a minimum of 1000 feet, beginning at approximately elevation –4.7 NGVD, extending offshore to avoid disrupting along shore traveling by the young sandbar sharks.  This distance will be determined by the National Marine Fisheries Service.  The remainder of the pipeline  extending to the beach, and back to the dredge,  can rest on the bottom.

Winter Flounder.  Most of the material presented here is taken from the source document for winter flounder (NOAA, 1999 a) and a table titled “Summary of Essential Fish Habitat (EFH) and General Habitat Parameters for Federally Managed Species” compiled by the NMFS, Northeast Regional Office, Habitat Conservation Division.  The winter flounder in Delaware Bay are part of the Mid-Atlantic population that migrate inshore in the fall and early winter and spawn in late winter and early spring.  In Delaware Bay, spawning takes place January, February and March, with early life stages being present in April and May (Riportella, 2001).  Trawl surveys by the Delaware Department of Natural Resources and Environmental Control indicate that they are not abundant and that they occur in the lower portion of Delaware Bay where there are higher salinity levels (Michels, 2000).  Generally the concern for winter flounder extends from the mouth of Delaware Bay to River Mile 35.


Eggs. The eggs of winter flounder are demersal, adhesive, and stick together in clusters. They range in size from 0.74-0.85 mm in diameter. The eggs are laid when temperatures are greater than 10 degrees Celsius, in salinity levels from 10 to 30 ppt, and in depths less than 5 meters, from January through March.  The habitat consists of substrates of sand, muddy sand, mud and gravel.  On Gorges Bank, eggs have been found in depths up to 90 meters.  In New York Harbor, winter flounder used the 45 feet deep navigation channel for spawning; however, they did so in smaller numbers as compared to shallow areas adjacent to the channel (Gallo, 2000).

With the exception of Georges Bank and Nantucket Shoals, winter flounder eggs are generally collected from very shallow waters (less than about 5 m), at water temperatures of 10  C or less, and salinities ranging from 10 to 30 ppt. These shallow water, nearshore habitats are of critical importance because they are most likely to be impacted by human activities. The type of substrate where eggs are found varies, having been reported as sand, muddy sand, mud and gravel, although sand seems to be the most common.  Trawl surveys in Delaware Bay indicate that the winter flounder populations are smaller there than in more northern parts of their range (Michels, 2001, Scarlett 2001).  Since winter flounder become less common along the New Jersey coast from north to south (Scarlett, 2001), it is therefore less likely that they would be found along the Delaware Atlantic coast.

The other potential impact to winter flounder eggs could occur when the dredged material is deposited along the shoreline.  This is unlikely since, as stated above, few winter flounder have been found in Delaware Bay where the dredged material deposition would take place and few 


Larvae. As mentioned above, early life stage larvae are found in the April and May in Delaware Bay.  They occur in temperatures that are less than 15 degrees Celsius, in salinity from 4 to 30 ppt., and in depths less than 6 meters expect in Georges Bank where they have been found to depths up to 90 meters.  Their preferred habitat is pelagic and bottom waters.  


Juveniles (Age 1+). Juveniles are generally found in water temperatures of less than 25 degrees Celsius, in salinity of from 10 to 30 ppt, and in depths from 1 to 50 meters.  Their preferred habitats are substrates of mud or fine-grained sand.  Their main prey species are amphipods, copepods, polychaetes, and bivalve siphons.


Adults. Adults are generally found in water temperatures of less than 25 degrees Celsius, in salinity of from 15 to 30 ppt, and in depths of from 1 to 100 meters.  They prefer bottom habitats, including estuaries, with substrate of mud, sand, or gravel.  Their main prey species are amphipods, polychaetes, bivalve siphons, and crustaceans.


Spawning Adults.  Spawning adults are generally found in water temperatures of less than 15 degrees Celsius, in salinity of from 5.5 to 36 ppt, and in depths less than 6 meters, except in Georges Bank where they spawn in depths up to 80 meters.  They prefer bottom habitats, including estuaries, with substrate of mud, sand, or gravel.


Potential Impacts of Dredging. Deepening the Navigation Channel has the potential to impact winter flounder if they were present; however, it is unlikely that the navigation channel has any significant use by this species.  

The Deepening Project has the potential to impact eggs during the dredging of the channel and during the placement of the dredged material.  It is likely that dredging will have a minimal impact on eggs of this species for the following reasons.  First, most eggs have been found in shallow water, less than 5 meters.  The navigation channel is presently 40 feet (12.2 meters) or greater and will be deepened to 45 feet (13.7 meters).  Although eggs have been found in the 45 feet deep navigation channel of New York Harbor, the adjacent, shallow areas had greater densities, indicating that the more shallow water areas are preferred spawning habitat (Gallo, 2001).  Another reason that winter flounder are likely to prefer areas adjacent to the navigation channel is that the deep draft vessels currently using the channel are creating more turbid conditions in the channel with their prop-wash that is likely to adversely impact spawning.

Since the larvae are non-dispersive, they are believed to occur in the same areas as the eggs, i.e. in shallow water.  Because of the reasons listed above for eggs, it is unlikely that the navigation channel would provide preferred habitat for larvae.

Any juveniles or adults that use the channel could be adversely impacted by dredging, either by entrainment or increased turbidity.  However, because of the channel’s use by deep draft vessels and the resulting turbidity and prop wash, it is unlikely that the navigation channel has significant use from these life stages of winter flounder.

The placement of dredged material along the shallow shorelines of New Jersey and Delaware at the wetland restorations at Egg Island Point and Kelly Island and the beach restoration at Broadkill Beach and Port Mahon in Delaware Bay and Dewey-Rehoboth beaches along the Delaware Atlantic coast are more likely to have adverse impacts on spawning adults and early life stages (larvae and juveniles) than channel dredging.  However, the impacts are not expected to be significant for the following reasons.  First, as stated above, data from New Jersey and Delaware indicate that winter flounder populations currently using Delaware Bay are smaller than those further north in the range and become less abundant moving from northern New Jersey to southern New Jersey.  In addition, the wetland restorations at Egg Island Point and Kelly Island will create tidal guts in the wetlands with abundant invertebrate fauna that will be beneficial to early life stages of winter flounder that will compensate for any temporary, minimal impacts that would occur from the construction of the two wetland restorations (Goodger, 2001).  It is also noted that the construction of these structures is a one-time event except for occasional maintenance that can be done outside the winter flounder window.

5. Blasting in the Mixing Zone.  Approximately 70,000 cubic yards of bedrock from the Delaware River, covering 18 acres near Marcus Hook, Pennsylvania (River Mile 76.4 to River Mile 84.6) (see figure 1), would be removed to deepen the navigation channel to a depth of 47-ft mean low water.  Blasting operations would occur up to five days a week between 1 December and 15 March, but the actual blasting would only occur for a brief period each day (Corps, 1997).  The mixing zone in Delaware Bay extends to the Pennsylvania/Delaware state line that is at approximately River Mile 79 where the tidal fresh zone begins.  The salinity levels that occur and are predicted to occur with the channel deepening project are shown in Table 5-2 (drought of record conditions based on the 1965 data) and Table 5-5 (average flow conditions) in the SEIS (Corps, 1997).  The salinity predictions were generated using a 3-D numerical hydrodynamic salinity model.  Under severe drought conditions, salinity levels in the vicinity of the rock blasting are expected to increase 0.2 to 0.4 ppt for a maximum level of 3.4 ppt in late fall.  Average salinity levels in this area are less than 0.1 ppt and are not expected to change as a result of the deepening project.  

Blasting operations would occur up to five days a week between 1 December and 15 March, but the actual blasting would only occur for a brief period each day.  The shortnose sturgeon is a Federally endangered fish that lives in the Delaware Estuary.

In order to reduce and minimize the impacts to the shortnose sturgeon, as well as other fish species that may be in the area where blasting will occur, blasting will be done between December 1 to March 15, and employ measures that will avoid and minimize potential impacts such as the following:

· Before each blast, use nets to attempt to capture Atlantic or shortnose sturgeon and remove them from the blast area.

· Surveillance for schools of fish will be conducted by vessels with sonar fish finders  for a period of 20 minutes before each blast.  If fish schools are detected, blasting will be delayed until they leave.

· Two scare charges shall be used at each blast to drive fish away from the blast area.  

· All blast holes will be stemmed (filled with rock above the charges) to suppress the upward escape of blast pressure from the hole.  

· Blast pressures will be monitored and upper limits will be imposed on each series of 5 blasts.

· Average peak pressure shall not exceed 70 pounds per square inch (psi) at a distance of 140 feet.  This a pressure that has been determined to have minimal impacts to fish.

· Maximum peak pressure shall not exceed 120 psi at a distance of 140 feet.

· Pressure will be monitored for each blast only at a distance of 140 feet.

Life stages of 12 species of fish with EFH occur in the mixing zone (Figure 17; NOAA, 1999), but few are likely to occur in the blasting area.  Information used in the following analysis is from a Table entitled “Summary of Essential Fish Habitat (EFH) and General Habitat Parameters for Federally Managed Species” that was provided by the National Marine Fisheries Service (Riportella, 2001a). 

American Place (Hippoglossoides platessoides): No impacts should occur since all life stages occur in salinities greater than 20 ppt.

Atlantic Sea Herring (Clupea harengus): No impacts should occur since all life stages occur in salinities greater than 26 ppt.

Window Paine Flounder (Scopthalmus aquosus): No impacts should occur since all life stages occur in salinities greater than 5.5 ppt.  Even in an extreme drought, salinity at the blasting area was not predicted to be greater than 3.4 ppt.

Winter Flounder (Pleuronectes americanus):  The larvae may be adversely impacted if blasting occurred during an extreme drought event.  Larvae occur in salinity as low as 4 ppt.  However, larvae peaks in April and blasting will not occur later than 15 March.  Spawning adults occur in salinity as low as 5.5 ppt.  Even in an extreme drought, salinity at the blasting area was not predicted to be greater than 3.4 ppt.  Temporary localized disruption of benthic food prey may occur from blasting.  No impacts would occur unless extreme drought occurred during the blasting period, and then any impacts are expected to be minor and temporary since trawl surveys done in the Delaware Bay by the states of New Jersey and Delaware indicate that populations are smaller than in northern portions of their range (Michels, 2001, Scarlett 2001).

Black Sea Bass (Centropristus striata): No impacts should occur since all life stages occur in salinities greater than 18 ppt.

Bluefish (Pomatomus saltarix): Although most life stage occur in salinities above 23 ppt., juveniles can use estuaries as nursery areas in salinity as low as 3 ppt.  During extreme drought, salinity at the blasting area can go as high as 3.4 ppt.  However, juvenile bluefish occur in Mid-Atlantic estuaries from May to October when no blasting will be done.  Temporary localized disruption of benthic food prey may occur from blasting.  No impacts would occur unless extreme drought occurred during the blasting period, and then any impacts are expected to be minor and temporary. 

Atlantic Butterfish (Peprilus triacanthus): Although most life stage occur in salinities above 6.4 ppt., juveniles can use estuaries as nursery areas in salinity as low as 3 ppt.  Adults have occurred in salinity as low as 4 ppt.  Even if salinities reached these low levels, juveniles and adults occur in estuaries from spring to fall and most blasting would be done in the winter.  Temporary localized disruption of benthic food prey may occur from blasting.  No impacts would occur unless extreme drought occurred during the blasting period, and then any impacts are expected to be minor and temporary.

Scup (Stenotomus chrysops): No impacts should occur since all life stages occur in salinities greater than 15 ppt.

Summer Flounder (Paralicthys dentatus):  Larvae occur in areas where salinity is between 23 and 33 ppt., however they have also been found in fresh water in the Hudson and Raritan Bay systems and may occur in the area where blasting will occur.  Juveniles occur in areas with salinity of from 10 to 30 ppt but have also been found in fresh waters in estuaries.  In the Mid-Atlantic, larvae occur from September to February and may be impacted by blasting.  Juveniles may be present and may be impacted by blasting.  It is unlikely that adults would be impacted since they move offshore during the colder months when blasting would be done.  Temporary localized disruption of benthic food prey may occur from blasting.  As mentioned above, construction measures will be done to limit the force of the blast that will enter the water column, and this will reduce impacts that would occur to the species and their prey.  The wetland restorations at Egg Island Point and Kelly Island will create tidal guts in the wetlands that are expected to produce abundant invertebrate fauna that will be beneficial to early life stages of summer and winter flounder.  It is also noted blasting to deepen the navigation channel is one time event.

Spanish Mackerel (Scomberomorus maculates):  No impacts should occur since all life stages occur in salinities greater than 30 ppt.

Cobia (Rachycentron canadum): No impacts should occur since all life stages occur in salinities greater than 25 ppt.

King Mackerel (Scomberomorus cavalla): No impacts should occur since all life stages occur in salinities greater than 30 ppt.
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